(14%). Multivariable analysis showed that the use of BBs at baseline was associated with the development of infection during clinical course (adjusted OR (aOR) 1.61, 95% CI 1.19-2.18; p < 0.01). BB use at baseline was also associated with the development of pneumonia (aOR 1.56, 95% CI 1.05-2.30; p = 0.03). Baseline BB use was not associated with mortality (aOR 1.14, 95% CI 0.84-1.53; p = 0.41) or unfavorable outcome at 3 months (aOR 1.10, 95% CI 0.89-1.35; p = 0.39). Conclusions: Patients treated with BBs prior to stroke have a higher rate of infection and pneumonia.
Introduction
Infections frequently complicate the acute phase of stroke and have been associated with unfavorable outcome in stroke patients [1] . The high risk for post-stroke infection is at least partly driven by a stroke-induced immune suppression, which is hypothesized to be caused by increased sympathetic activity [2] . In an experimental study, administration of beta-blockers (BBs) after the onset of stroke was found to decrease the risk of infection [3] . It has been suggested that in stroke patients, administration of BBs in the acute phase after stroke could influ-ence the immune suppression associated with acute stroke and decrease the risk of infections after stroke. Two recent cohort studies reported conflicting results on the association between BBs use and occurrence of infections in patients with acute stroke [4, 5] .
This study is aimed at analyzing whether BB treatment influenced post-stroke infection in patients included in the Preventive Antibiotics in Stroke Study (PASS), a randomized open-label masked endpoint clinical trial on the efficacy and safety of preventive ceftriaxone in adults with acute stroke [6] .
Methods
We investigated whether infection risk differs between patients treated with BB prior to stroke and BB naive patients. Therefore, all patients included in the intention-to-treat population of PASS were included in the current study. In PASS, adult patients in the acute phase of ischemic or hemorrhagic stroke (within 24 h after onset) with a National Institutes of Health Stroke Scale (NIHSS) score of 1 or higher, were randomized to receive ceftriaxone (intravenous, 2 g per day for 4 days) in addition to stroke unit care, or standard stroke unit care without preventive antibiotic treatment. We excluded patients with an infection at admission, using antibiotics within 24 h of randomization, with a known allergy to antibiotics, and patients in whom death was imminent. The trial protocol, statistical analysis plan, and main article of the study results have been published before [6] . Since the current analysis was not pre-planned in the PASS statistical analysis plan, it should be regarded as an exploratory analysis.
Baseline characteristics, clinical parameters, and endpoints were prospectively collected in case record forms that were filled out by the treating physician. Pneumonia, urinary tract infection (UTI), and other infections in the PASS were diagnosed by the treating physician and scored by an expert panel of 2 independent experts who were blinded for treatment allocation and adhered to the Centers for Disease Control and Prevention criteria [7] . Prestroke use of BBs was prospectively recorded at baseline for all patients based on the observational studies and hypotheses mentioned in the introduction. In the Netherlands, it is standard care to continue antihypertensive medication used at home during hospital admission for acute stroke.
Differences in baseline characteristics of patients with or without BB therapy prior to stroke are shown as percentages or mean (with SD) or median values (with interquartile range). We tested whether baseline characteristics were associated with infection overall and pneumonia and UTI separately by t test, Mann-Whitney U or chi-square test when appropriate. Included baseline characteristics were: age, sex, ethnicity, medical history prior to stroke (atrial fibrillation/flutter, stroke, myocardial infarction, cardiac valve disease, peripheral vascular disease, hypertension, hypercholesterolemia, pulmonary obstructive disease, diabetes mellitus, alcoholism, malignancy), medication used prior to stroke (anticoagulants, antiplatelet therapy, statins, ACE-inhibitors, BBs, proton pump inhibitors), smoking status, disability prior to stroke, physical examination at admission (heart rate, systolic/diastolic RR, temperature), stroke severity (NIHSS), dysphagia, use of urinary catheter, stroke type, acute treatment (intravenous or intra-arterial thrombolysis, coagulant therapy), and randomization. Characteristics with an association in univariate analysis (p < 0.05) were included in multivariate analysis. Variables known to have a strong association with infection were a priori included in multivariate analysis; these were: age, stroke severity, presence of dysphagia, and urinary catheterization. Association of BBs therapy and mortality at discharge and 3 months, and unfavorable functional outcome on the modified Rankin Scale (mRS 3-6) was estimated in univariate analysis and subsequent regression analysis including strong prognostic baseline variables, as described in the PASS protocol (age, stroke severity, history of stroke or diabetes, prior disability on mRS at admission). Because immune suppression is most pronounced and infection rate higher in the first days after stroke, we performed a subgroup analysis on infections within the first week. All analyses were performed with IBM SPSS statistics version 22.
Results
From July 6, 2010 to March 23, 2014, 2,538 patients were included in PASS: 84% of patients had ischemic stroke, 11% hemorrhagic stroke, 4% transient ischemic attack, and 2% had another diagnosis. At baseline, 885 of 2,538 patients (35%) used BBs. Baseline characteristics of these patients are shown in table 1 . Patients using BBs prior to stroke were older; more often had a history of atrial fibrillation, stroke, hypercholesterolemia, hypertension, myocardial infarction, cardiac valve disease, and peripheral vascular disease and used more medication prior to stroke. Disability prior to stroke and stroke severity were similar between patients who used BBs and those who did not.
Infection, as defined by the physician, occurred in 348 patients, 130 (10%) in the ceftriaxone group and 218 (17%) in the control group. In one of these patients, baseline use of BBs was unknown; this patient was excluded from analysis. Infection was diagnosed within the first week in 270 patients by the physician and in 98 patients according to expert panel [6] .
Infection rates were higher in patients using BBs at baseline, as compared to patients not using BBs ( table 2 ) . Adjusted OR (aOR) for the use of BBs at baseline and post-stroke infection was 1.61 (95% CI 1.19-2.18; p < 0.01; table 3 ); for the expert panel definition for infection aOR was 1.64 (95% CI 1.08-2.50; p = 0.02). Additional analyses restricted to infection occurring in the first week after stroke showed similar results (data not shown).
BB use at baseline was associated with stroke-associated pneumonia, as defined by physician (crude OR 1.92, 95% CI 1.39-2.65; p < 0.001). Advanced age, ethnicity, history of atrial fibrillation/flutter, obstructive pulmonary disease, malignancy, current smoking status, diastolic and systolic blood pressure, score on NIHSS, disability prior to symptoms (mRS), dysphagia, coagulant therapy, and stroke type were also associated with stroke-associated pneumonia in univariate analysis. After correction for these factors in a multivariable analysis, the aOR for BBs and pneumonia was 1.56 (95% CI 1.05-2.30; p = 0.03). Analyses using the expert panel definition for pneumonia showed a similar trend for BBs use and increased risk of stroke-associated pneumonia (aOR 1.76, 95% CI 0.92-3.36; p = 0.09). The crude OR for BBs and diagnosis of UTI as defined by the physician was 1.64 (95% CI 1.20-2.34; p < 0.01). Advanced age, male sex, atrial fibrillation/flutter, hypertension and hypercholesterolemia, current smoking status, stroke severity, presence of bladder catheter, treatment with thrombolysis, stroke type, and randomization were included in the multivariate analysis, showing an aOR for BBs and UTI of 1.25 (95% CI 0.85-1.83; p = 0.25).
Baseline BB use was associated with an unfavorable outcome ( table 3 ), but these associations did not remain significant after correction for other prognostic variables as mentioned in the methods section (aOR for mortality at 3 months 1.14, 95% CI 0.84-1.53; p = 0.41; aOR for unfavorable outcome at 3 months 1.10, 95% CI 0.89-1.35; p = 0.39).
Discussion
In our analysis, BBs were not protective for poststroke infection. In contrast to previous studies, we found that baseline use of BBs was associated with a higher risk for infection. The previous 4 studies on BB treatment and infection risk reported that BBs were either associated with decreased infection risk or there was no association [4, 5, 8, 9] . All studies had a retrospective study design and were heterogeneous with respect to stroke type (ischemic or hemorrhagic) and definitions of BB use (prior to stroke or after stroke admission) and infections. In the previous 4 studies, definition of infection was not described in 2 studies. It was based on adverse event recording in one study, and in the other study modified CDC criteria were used. Our study had a prospective study design and predefined definition of infection, according to international consensus [10] . Data on BB treatment was prospectively collected and our large sample gave us the statistical power to perform multivariable analysis. Baseline use of BBs was associated with a higher risk for infection. However, patients on BBs were older, more often had comorbidities, and used more medication than patients not on BBs. It has been well-recognized that patients with advanced age are more vulnerable for infections than previously healthy patients. Also, some comorbidities and medications are associated with infection [11, 12] . By performing multivariate analysis, we tried to correct this higher baseline infection risk in BB-treated patients, but it is possible that confounding by indication might have influenced the results. Also, mortality rate was higher in patients treated with BBs. This introduces a competing risk bias: deceased patients are not at risk of infection.
The etiology of stroke-associated infection is multifactorial. Infection occurs more often in patients with more severe stroke and advanced age; dysphagic patients are at a high risk for pneumonia, and patients with indwelling catheter for UTI. Also, post-stroke immune suppression, which could be mediated by hypothalamo-pituitaryadrenal axis and sympathetic nervous system activation, increases the infection risk [2, 3, 12] . Stroke-associated respiratory syndrome includes pneumonia, but also respiratory tract infections without chest-X-ray abnormalities and even a subset of these syndromes could be inflammatory rather than infective [13] . In a recent consensus of the 'Pneumonia in Stroke Consensus Group', it was agreed that the spectrum of lower-respiratory-tract-infections in the first 7 days after acute stroke are named as stroke-associated-pneumonia. In this study, these criteria for diagnosis were used. From previous experimental and clinical studies, it is thought that adrenergic effects on peripheral blood immune cells could enhance immune suppression and increase the infection risk, and BBs have the potential to diminish these effects [14] . The results of this study do not support such an effect for pre-stroke use of BBs. Yet, effects of BBs have been shown to be dose dependent, and dosage dependent effects could have been missed since the dosage of BB therapy was not controlled in this study [15] . Also, effects might differ between BBs already used prior to stroke, as compared to BBs started directly after stroke [5] . Only a randomized clinical trial could investigate the true potential of BB treatment for reducing stroke-associated infections, but the results of this study are not encouraging.
This study has several limitations. First, only prestroke BB use was investigated. In previous studies, stronger associations were found for on-stroke treatment with BB. Second, use of BBs was strictly defined, but the class of drug, dose, and compliance of BB use at baseline was not. This treatment was recorded by the physician in a prospective manner, but the treatment itself, including dosage, was not recorded. In the Netherlands, it is a standard practice to continue antihypertensive medication used prior to stroke during hospital stay after stroke, and in the PASS no standard protocol was used for discontinuation of antihypertensive treatment during admission. Any discontinuation of treatment after randomization could theoretically have led to an underestimation of the effect of BBs, and dosage dependent effects could have been missed. Also, we did not distinguish between selective and non-selective BBs. These different classes could have differing working mechanisms; however, for both groups associations with immune response and infection have been described [4] . Third, this study is a cohort study, which contains the risk of selection bias. The population of the PASS had relatively mild stroke and a low rate of infection. This could theoretically have diminished the potential of the effect of BB therapy, but, since the infection rate was unchanged or even higher in BB treated patients, such an effect is unlikely. Finally, we were able to perform multivariable analysis because of the large study population, however because diagnosis of pneumonia by expert panel was made in a limited number of patients, this multivariable analysis contained more variables than statistically appropriate and should therefore be interpreted with caution.
Conclusion
Patients treated with BBs prior to stroke have a higher rate of infection and pneumonia, but not of UTI. 
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